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EXECUTIVE  SUMMARY 


The  United  States  Army  Medical  Research  and  Development  Command 
has  been  supporting  research  in  order  to  recommend  environmental  quality 
standards  for  the  munitions  manufacturing  industry.  Both  laboratory  and 
field  studies  have  been  conducted  by  a number  of  different  contractors. 

■^The  present  work  conducted  at  the  Holston  Army  Ammunition  Plant 
in  Kingsport,  Tennessee  was  performed  by  Battelle's  Columbus  Laboratories 
in  order  to  determine  the  toxicity  of  five  wastewaters  associated  with  a 
pilot  biological  treatment  plant.  Manufacturing  wastewaters  from  both 
Area  A and  Area  B were  mixed  in  a ratio  of  1:9  by  volume,  respectively. 

This  mixture  was  then  treated  by  two  biological  systems  - the  3A  system 
which  consisted  of  an  activated  sludge  chamber  and  the  6A  system  which 
contained  both  a trickling  filter  and  an  activated  sludge  chamber. 

Work  performed  at  HAAP  Included  on-site  96-hour  static  acute 
LC^q  bioassay  tests  using  fathead  minnows.  Solutions  tested  were  Area  A 
wastes,  Area  B wastes,  the  A4-B  mixture,  the  3A  system  effluent  and  the 
6A  system  effluent.  Quantitative  analyses  of  RDK,  HMX,  TNT,  and  COD  in 
the  test  waters  were  also  conducted  in  conjunction  with  each  teat.  Other 
water  quality  parameters  monitored  by  HAAP  personnel  wore  correlated  with 
munitions  constituents  and  fish  mortality.  In-house  Ames  Spot  tests  were 
conducted  on  alt  wastewaters  froto  the  HAAP  pilot  plant.  ' ' 

Results  of  the  bioassay  tests  with  fathead  minnows  indicated  the 
Area  A wastewater  to  be  the  most  toxic  having  an  LC^q  value  of  approximately 
I percent.  Area  B wastewater  was  found  to  be  less  toxic  to  this  species 
but  showed  a greater  dally  fluctuation  in  toxicity  with  values  ranging 
from  6.2  percent  to  43. R percent.  The  combined  Area  A •¥  Area  B wastes 
were  intermediate  in  toxicity  with  values  of  1.43  percent  to  14.0  percent. 
Oenerally,  the  treated  wastewaters  <3A  and  6A)  were  of  lower  toxicity  with 
LC^O  values  of  70  percent  or  greater.  Utree  replicate  exceptions  ranged 
between  16. S percent  and  36.7  percent. 

A special  bioassay  was  conducted  using  6A  effluent  water  spiked 
with  10  ppm  RDK.  Subsequent  chemical  analysts  indicated  the  concentration 
of  tUlX  in  the  test  water  to  be  S.17  pimi.  Results  of  this  test  produced 
an  LC^q  value  of  69.8  percent. 

i 


Toxic  effects  (i.e.,  mortality)  were  positively  correlated  with 
high  levels  of  IIMX,  COD,  BOD  (filtered  and  unfiltered),  pH,  NH^,  TKN, 

PO^,  NO2,  and  total  solids. 

A review  of  the  mutagenic  screening  test  results  of  all  waste- 
waters  indicated  that  no  definite  mutagens  were  present.  One  sample  of 
the  6A  effluent  collected  on  June  22,  1976,  showed  a slight  suggestion  of 
the  possible  presence  of  mutagens,  however,  the  indication  was  marginal, 
r — 2::^  ■phg  overall  results  of  the  on-site  bioassay  tests  indicate 

that  biological  treatment,  either  activated  sludge  or  the  combination 
trickling-filter-activated  sludge  does  reduce  the  toxicity  of  the  HAAP 
manufacturing  wastewaters. 
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INTRODUCTION 


Background 

The  United  States  Army  Medical  Research  and  Development  Command 
(USAMROC)  has  been  supporting  a major  research  effort,  the  ultimate  objec- 
tive of  which  Is  to  develop  suggested  environmental  quality  standards  for 
the  munitions  industry.  Major  efforts  by  several  contractors  have  included 
both  laboratory  and  field  studies  of  the  toxic  effects  of  munitions  manu- 
facturing waste  waters.  Battelle's  Columbus  Laboratories  (BCL)  have  been 
involved  in  field  studies  since  1974. 

Phase  I investigations  involved  screening  studies  at  three  muni- 
tions plants.  Ibese  three  plants  wore: 

• Badger  Army  Amnunition  Plant  (BAAP) 

• Joliet  Army  Ammunition  Plant  <JAAP) 

a Lake  City  Army  Aiaaunitlon  Plant  (U*AAP) 

Results  of  Phase  I investigations  are  described  in  Cooper  at  tl»i 

1975. 

Ptiase  II  studies  concentrated  on  environmental  effects  at  BAAP 
and  JAAP,  the  objectives  of  Phase  t I investigations  were  to  collect  and 
analyxe  replicated  quantitative  information  relative  to  the  specific  nature 
of  effluent  effects  on  receiving  systems  and  to  determine  the  relatltm- 
shlp(s)  between  observed  effects  and  the  amount  of  primary  munitions  eon- 
stltuents  in  the  effluents.  Results  of  these  Investigations  were  reported 
in  two  separate  reports  to  the  UBAMRDC  for  work  at  BAAP  (Stilwell  gg  ti* , 
1976a)  and  at  JAAP  (Stilvelt  at  al..  1976b). 

Purpose 

Under  USAMRUC  Contract  No.  UAHD  17-74-C-4UJ  BCt.  lias  been  con- 
ducting additional  relatei*  work  at  the  Holston  Army  AMSunition  Plant  <UAAP) 
the  purpose  of  these  further  Investigations  was  to  generate  on-site  toxt- 
cological  data  on  the  influents  to  and  effluents  from  the  waste  treatment 


pilot  plant  t'oiag  tested  at  HAAP.  Tliis  pilot  plant  has  been  developed  and 
iraplemen^cd  by  U.S.  Anny  Armament  Command  (AR-MCaM)  to  evaluate  the  effective- 
ness of  advanced  munitions  waste  treatment  concepts  and  desensitization. 

These  investigations  will  allow  for  a more  thorough  evaluation  of 
the  overall  effectiveness  of  the  biological  treatment  concepts  being  tested. 


Scope 


llte  scope  of  the  work  performed  at  HAAP  included  the  following; 
a On-site  96-hour  static  acute  1X30  bioassays  using  fathead  min- 
nows (Ptmephalos  prooielas).  Solutions  tested  wore  Area  A 
wastes.  Area  B wastes,  1:9  mixture  of  Area  A and  Area  B,  the 
activated  sludge  system  effluent  (1A)  and  the  aerobic  trickle 
filter  - activated  sludge  system  effluent  (6A), 
a Quantitative  analyses  ot  RIXX,  HHX,  TNT  and  COt)  In  all  bloaa- 
say  test  waters, 

a In-house  Ames  Spot  tests  on  influent  and  effluent  waste  waters 
from  the  HAAP  pilot  plant. 

RESKARCH  dTRATKGY 

The  main  emphasis  of  current  Investigations  at  HAAP  was  on  the 
decerolnatlen  of  the  toxicity  of  the  live  wastewaters  selected  for  study. 

The  relative  toxicity  of  each  solution  was  tested  during  multiple,  duplicate 
hicMiasaya  conducted  on-site  in  a mobile  laboratory.  Water  samples  were  col- 
lected, preserved  and  analysed  by  BCL  and  HMP  personnel  in  conjunecidn  with 
each  test,  these  studies  were  uot  designed  to  determine  the  fate  of  various 
munitions  compounds  or  the  ef r'''iencies  of  the  component  parts  of  the 
treatment  process.  Utey  were  designed  to  measure  only  the  toxic  properties  of 
the  influents  atul  effluents  of  the  pilot  treatment  plant. 


■J 


Sampling;  Protocol 


Facility  Description 


Holston  Array  Ansiiunition  Plant  is  a governinent -owned  contractor- 
operated  installation  located  in  northeastern  Tennessee  in  Kingsport, 

Operated  by  Hastraan  Corporation,  its  primary  missions  are  the  manufacture  of 
RDX  and  HMX  and  the  preparation  and  loading  of  Composition  B (a  mixture 
of  RDX  and  TND.  The  plant  is  located  in  two  areas  of  Kingsport,  Tennessee. 
Area  A,  located  in  Kii^gsport  proper,  occupies  an  area  along  the  south  fork 
of  the  Holston  River.  Area  B is  located  southeast  of  Kingsport  on  the 
main  fork  of  the  Holston  River  downstream  fro<n  the  north  and  south  fork 
confluence. 

Manufacturing  Waste  Composition 

H»e  Influent  to  the  pilot  biological  treatment  plant  was  com- 
posed of  Area  A waste  and  Are.i  8 waste  mixed  in  a I to  9 ratio  by  volume 
to  approximate  actual  discharges. 

Table  I presents  the  points  witere  the  Area  A and  Area  8 compos- 
ite wastewaters  were  collected.  Area  A wastes  were  composed  of  ten  different 
wastewaters.  Area  B was  sampled  at  four  points  to  form  the  explosives 
manufacturing  area  wastewater.  An  additional  synthetic  waste  composed  of 
acetic  acid,  cyclohexanone,  acetone,  n-butanol,  and  hexamine  was  added  to 
the  Area  B composite  to  bring  the  COO  level  up  to  400  wg/l,  which  more 
closely  approximates  actual  manufacturing  wastewater  levels  at  high  production 
periods,  tiitrates  were  also  added  at  the  rate  of  150  »g/l  to  skulace  actual 
levela  under  high  productive  ea<iditi»ns. 

Pilot  l*lant  Description 

the  pilot  waste  treatment  plant  was  constructed  In  building  S-2 
in  the  explosives  manufacturing  area,  Wastew^ater  flow  through  the  pilot 
plant  is  depicted  in  the  flow  cltart  In  Figure  1.  A flow  description 
follows: 
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table  1.  HOLSTON  ARMY  AMMUNITION  PLANT  MANUFACTURING 
WASTE  COMPOSITION 


Point 

Wastewater 

Volume  (gallons) 

Area  A 

Acetic  Acid  Concentration 

Azeo  Slop  Water 

91.0 

Acetic  Acid  Concentration 

Sludge  Heater  Waste 

4.0 

Acetic  Acid  Concentration 

Azeo  Slop  Water 

66.0^*^ 

Acetic  Acid  Concentration 

Sludge  Heater  Waste 

4.0<®> 

Acetic  Anhydride  Refining 

Low  Boiler  Waste 

0.25 

Acetic  Anhydride  Manufacturing 

E-Scrubber 

40.0 

Steam  Generation 

Boiler  Blowdown 

47.5 

Product  Gas  Plant 

River  Water  (hairpin  cooler) 

230.0 

Filter  Plant 

Lime  and  Alum  Sludge 

12.0 

Filter  Plant 

Ion  Exchange  Regeneration 

6.5 

501.25^**^ 

Area  B 

1 

Composition  B production  line 

50 

2 

Composition  B production  line 

200 

' 3 

Continuous  process  ROR  line 

100 

4 

Acetic  acid,  NO2/NO3,  laundry, 
NaNO^  and  other  manufacturing 

150 

wastes 

. 

500 

(a)  Bacauao  of  low  production  those  samples  were  collected  from  the  same 
building  as  the  two  previous  wastewaters. 

(b)  Add  0.8  lb.  of  pulverized  boiler  bottom  ash  (can  be  from  Area  B). 
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• Area  A and  Area  B wastes  were  collected  separately  and 
transported  to  building  E-2  where  each  was  pumped  into  the 
equalization  tank.  Each  wastewater  was  pumped  to  separate 
storage  containers  Inside  the  building. 

• Synthetic  wastes  were  added  to  the  Area  B wastes  in  the 
storage  tanks  to  increase  the  COD  to  400  mg/1  and  the  nitrate- 
nitrogen  to  150  mg/1. 

a The  Area  B wastes  were  passed  through  a sump  to  a deni- 
trification column.  Nitrate  reduction  was  usually  greater 
than  90%  through  this  column. 

a The  Area  A and  Area  B wastes  were  mixed  in  a sump  in  the 
ratio  of  1:9. 

a The  A and  B mixture  was  fed  into  two  separate  biological 
treatment  systems  - 3A  and  6A. 

3A  System 

A and  B blend  was  fed  Into  an  activated  sludge 
chamber  and  finally  to  a clarifier.  Settle- 
abla  material  was  recirculated  to  the  sludge 
chamber.  The  overflow  from  the  clarifier 
constituted  the  final  3A  effluent. 

BA  System 

the  A and  B blend  was  pretreated  through  two 
aerobic  trickle  filter  towers  before  being  fed 
into  an  activated  sludge  ehseiber*  The  discharge 
from  the  sludge  treatment  war  fed  into  a clarifier. 
As  in  the  3A  system,  settleeble  material  in  the 
clarifier  wes  recirculated  to  the  activated  sludge. 
The  overflow  from  the  Clarifier  in  this  syatem 
constituted  the  6A  effluent* 

Bioasaav  Teat  Sample  Points 

Bioassay  test  waters  were  collected  from  five  points  within  the 
pilot  plant  system,  these  points  are  shown  on  Figure  t.  the  weetewater 
solutions  and  nunbers  of  tests  run  are  presented  in  table  2. 
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TABLE  2.  WASTl WATERS  USED  IN 

FISH  lilOASSAY  TESTS  AT  HAAP 


! i T T.  . T \ J » 5-  ; V 

Waste  Water 

- -r^r  T T . « - »•  r-< 

Sampling*,  Location 

Number  of  Bioassay 
Tests 

Area  A 

Holding  Tank  Drain 

5 

Area  B 

Holding  Tank  Drain 

3 

Area  B (wlilu»it  C)D  or 
nitr»‘-e  i.»l(led) 

Holding  Tank  Drain 

1 

Area  A + Area  R 

Mixing  Sump 

3 

Effluent  3A 

Clarlfli'r  Overflow 

Effluent  6A 

CiarM'ler  Overflow 

7 
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SanipliiH;  ;ind  Analytical  Methods 


Sample  Cunection 


Water  samples  from  the  five  sample  points  in  the  pilot  plant  were 
collected  daily  in  plastic  bottles  and  analyzed  in  the  plant  chemistry 
laboratory  by  HAAP  personnel.  Samples  were  composited  over  24-hours  and 
kept  on  ice  during  the  sampling  period. 

Water  samples  fur  the  fish  bioassay  tests  and  BCL  chemical  analysis 
were  collected  by  BCL  personnel  in  5-gallon  glass  bottles  and  transported 
to  the  mobile  laboratory  located  near  the  HAAP  pump  house  on  the  Holston 
River.  Water  sampler  for  chemical  analysis  by  BCL  were  taken  from  the 
bioassay  water,  preserved  in  amber  glass  bottles  or  plastic  (COD  analysis) 
and  refrigerated  on-site.  Samples  for  mutagenic  screening  were  taken  from  the 
bloassay  water,  put  in  plastic  bottles  and  refrigerated.  All  BCL  samples 
were  then  packed  on  ice  and  delivered  to  the  laboratory  in  Columbus,  Ohio. 

Analytical  Methods 

HAAP  Water  Quality.  Water  h imples  were  collected  at  points  within 
the  pilot  plant  and  analyzed  for  selected  water  quality  parameters  by  HAAP 
personnel.  Analytical  techniques  for  COD,  BOD,  TKM,  dissolved  oxygen,  total 
phosphate,  settleable  solids  and  total  solids  were  those  detailed  in 
“Standard  Methods  for  the  Examination  of  Watar  and  Wastewater"  the  13th 
edition  (1971).  Nitrate  and  nitrite  were  measured  using  Orion  specific  ion 
electrodes.  Ammonia  was  measured  as  nitrogen  by  the  Kjeldahi  method  and 
pH  was  done  with  a Poxboro  recording  pH  meter.  Munitions  constituents 
Including  RDX,  tIMX,  and  TNT  were  measured  using  a liquid  chreoatography  method 

Battelie's  Ci»lumbus  latboratory  Munitions  Constituent  Analysis. 
Methods  for  the  determination  of  mtcrogr.am  and  submlcrogram  quantities  of 
HMX:,  RDX,  and  TNT  are  re|iorted  in  the  literature  and  include  tttrimetrlc 
(Sinha  et  al.«  19A4;  simecek,  1961;  Pauth,  196S),  thin  layer  chromatographic 
(Pauth  and  Roecker,  1965;  Harihon,  1961;  Clover  and  Hoffstmtmer,  1973;  Bell 
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.iiul  Diinst.in,  I9()6,  and  Hannson  and  Olin,  1962)  as  well  as  gas  chromatographic 
(Hof [summer , 1970;  Glover  and  Hoffsommer,  1974;  Hoffsommer,  et  al.,  1975; 
Hoffsommer  and  Rosen,  1972;  Rowe,  1967;  Cooper  et  al.,  1974)  procedures. 
However  these  techniques  all  require  somewhat  laborious  sample  preparatory 
procedures  including  extraction  and  derlvatization.  These  procedures  intro- 
duce sources  of  serious  errors  resulting  from  sample  loss  and  degradation, 
in  addition  to  being  time  consuming  and  tedious.  A method  for  the  gas 
chromatographic  analysis  of  TNT  and  2,4-  and  2,6-DNT  in  water  and  sediment 
samples  had  been  developed  at  Battellc's  Columbus  Laboratories  (Cooper  al., 
1974)  and  used  In  an  earlier  phase  of  the  current  project  for  the  determlna- 
of  these  materials  at  levels  below  1.0  ppm.  However,  because  of  the  thermal 
instabilities  and  low  vapor  pressures  t»f  RDK  and  HMX,  such  a methodology  is 
not  satisfactory  for  the  quantitation  of  these  munitions  at  comparably  low 
levels.  Several  reports  (Doali  iind  Juluisy,  1974;  Williams,  1974;  Selig,  1973) 
have  appeared  in  the  literature  concerning  the  use  of  high  performance 
liquid  chromatography  (HPI.U)  as  a means  to  avoid  the  problems  of  thermal 
instability  and  low  volatility  encountered  in  the  direct  GC  analysis  of 
these  materials,  methods  which  potentially  could  achieve  the  high  sensitiv- 
ity necessary  for  the  separation  and  determination  of  RDX  and  HMX  in  trace 
amounts.  A methodology  ut i I l^ing  techniques  was  developed  as  a part 
of  the  work  presented  In  this  report  and  used  for  the  quantitation  of  HMX, 

RDX,  and  TNT  In  the  water  samples  received  during  this  study.  This  method 
Itas  proven  to  be  quite  satisfactory  in  that  it  does  not  require  sample 
extraction  or  derivatixation  and  yet  U sensitive  to  concentrations  as  tow 
as  0.05  ppm  of  these  munitions,  with  an  analysis  time  of  about  15  minutes. 

All  analyses  were  conductetl  nslng  a Variah  8500  High  Pressure 
Liquid  Chromatograph  equipped  with  a thiPont  837  variable  multi-wavelength 
UV  detector,  and  an  tnfotronies  Model  CRS-204  digital  Integrator,  the 
detection  wavelength  was  set  at  210  mu.  A 25-cm  x 4.A-cm  x 0.63  cm 
Partlsit  10-OIU5  column  was  used,  with  a 40  percent  methanol /water  mobil 
pitase  and  a 5 wl/hour  flow  rate.  All  I vents  used  in  this  study  were 
distllled-in-glass  analytical  grade  ohiained  from  Rurdick  and  J<^ckson 
Laboratories,  Muskegon,  Michigan. 
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As  IlMX,  RDX,  .ind  TNT  all  roadily  undergo  photolytic  as  well  as 
thermal  de}>radat ion,  all  samples  were  collected  in  amber  bottles  and  stored 
at  4 C prior  to  analysis.  Measured  aliquots  were  withdrawn  from  each 
sample,  filtered  through  l.O-um  Millipore  Filter  Discs  (No.  FALP  02500), 
and  the  residue  washed  with  1-ml  tetrahydrofuran  (THF)  which  was  then  added  to  the 
filtrate.  Samples  were  prepared  for  LC  analysis  by  simply  diluting  100  |J.l  of  a 500 
ppm  solution  of  3~nitrophenol  (the  internal  standard)  to  1.0  ml  with  the 
combined  filtrate  and  wash.  Normally,  injection  volumes  of  100  ul  were 
used,  with  each  sample  being  prepared  and  run  in  duplicate.  However,  for 
the  determination  of  very  low  munitions  levels  (less  than  0.300  ppm),  175 
ul  of  these  solutions  were  injected.  In  all  cases,  the  integrated  area 
ratios  of  the  munition  versus  internal  standard  were  used  to  determine 
concentrations. 

The  chemical  oxygen  demand  (COD)  was  determined  for  these  water 
samples  using  the  procedure  outlined  in  "Standard  Methods  for  Examination 
of  Waste  Water",  I3th  edition  (1971).  These  samples  were  collected  In 
polyethylene  bottles  containing  0.5  g HgCl^  added  as  a preservative,  and 
stored  at  4 C prior  to  analysis. 

Standard  solutions  of  each  munition  were  prepared  in  methanol 
using  authentic  samples  obtained  earlier  in  this  project  from  Dr*  B,  E.  Hackley, 
Edgewood  Arsenal,  Aberdeen  Proving  Ground,  Maryland,  The  use  of  a 
digital  integrator  coupled  to  the  HPLC  detector  permitted  the  accurate 
determination  of  the  total  area  of  the  peaks  appearing  in  the  HPLC  chroma- 
tograms of  these  materials.  Peak  "area  ratios"  were  determined  by  dividing 
the  integrated  area  obtained  by  the  peak  corresponding  to  each  munition  by 
the  area  obtained  for  the  internal  standard.  A linear  regression  analysis 
of  the  relationship  between  the  amount  of  a munition  injected  and  the 
resultant  "area  ratio"  generated  the  equations  listed  below  for  each 
munitiont 

pg  TNT  injected  » 2,4889  (area  ratio)  +0.001 
correlation  eoeffteient  ^ l.OOO 
pg  RDX  injected  <■  5.3390  (area  ratio)  • ( 0.002) 
correlation  coefficient  « 0,999 
pg  IDIX  injected  • 4.6740  (area  ratio)  + (-0.0445) 
correlation  coefficient  » 0,992 
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In  order  to  calculate  the  concentrations  of  HMX,  RDX,  and  TNT  in 
the  HAAP  water  samples  received  Tor  analysis,  a known  volume  of  each 
sample  was  injected,  the  peak  area  ratios  determined  for  each  munition 
present,  and  the  concentrations  of  these  materials  determined  using  the 
above  equations. 

Using  a variable  wavelength  detector,  the  possibility  of 
increasing  detection  sensitivity  by  choosing  a detection  wavelength 
to  maximize  the  absorbance  for  the  materials  of  interest  was  examined. 
Spectrophotoraetric  data  for  ethanolic  solutions  of  several  munitions 
(Schroeder  et  al.,  1951)  are  given  in  Table  3. 


TABLE  3.  SPECTROPHOTOMETRIC  DATA  FOR  SEVERAL 
MUNITIONS  IN  ETHANOLIC  SOLUTION 


Compound 

^ (Max)  - (nm) 

Extinction  „ ,^.3 
coefficient  ^ i'-' 

HMX 

228-229 

21.0 

RDX 

213 

ll.O 

TAX 

231-234 

6.5 

SEX 

227 

15.8 

TNT 

227 

19.7 

2,4-DNT 

239-242 

14.3 

BSX 

227 

16.2 

ATX 

224-225 

16.0 

PETN 

225 

25.0 

Ttte  common  doteetion  wavolongth  for  UV  detectors  in  HPLC  anely- 
sis  is  the  Hg  emission  line  at  254  rw.  However,  as  indicated  by  the 
above  data*  the  detector  response  to  TNT,  MMX,  and  will  be  nwxifflited 
by  using  a detection  wavelength  which  more  closely  approximates  the  wave- 
length of  maximum  absorption  for  these  materials.  As  the  absorption  curves 
of  TNT  end  maxtmtxe  at  about  230  ram,  this  was  chosen  as  the  detection 
wavelength  for  use  In  this  study,  Hy  similarly  choosing  s wavelength 
which  meximtses  detection  sensitivity,  other  munitions  such  as  those 
listed  in  Table  3 may  be  quantitated  at  trace  concentrations  using  the 
general  methodology  developed  in  this  study. 
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A lower  limit  of  detection  of  0.05  ppm  was  established  using 
prepared  solutions  of  eacli  munition  in  methanol.  However,  the  occurrence 
of  interfering  materials  w ith  peaks  in  the  LC  chromatogram  appearing  very 
near  those  of  IIMX  and  RDX  prevented  quantitation  of  these  munitions  below 
0.10  ppm.  Subsequent  examination  using  a 20  percent  methanol /water  mobile 
phase  was  successful  in  removing  the  interference  problems,  but  the  conse- 
quent loss  in  sensitivity  resulting  from  peak  broadening  prevented  precise 
and  reproducible  measurements  of  peak  area.  The  estimated  precision  of 
each  analysis  is  better  than  10  percent  at  concentrations  above  about 
0.10  ppm,  but  rapidly  decreases  to  no  better  than  50  percent  below  this 
level.  Therefore,  HMX  and  RDX  concentrations  are  not  reported  below  0.10 
ppm  in  these  samples.  In  several  cases,  the  absence  of  any  munition  peak 
whatsoever  indicated  a concentration  level  below  0.05  ppm. 

Mutagenic  Screening.  The  Ames  bacterial  mutagenicity  test  la 
a bioassay  designed  to  detect  potential  mutagens  by  means  of  a special  set 
of  five  Salmonella  tvphtnvarium  strains  developed  by  Dr.  Bruce  Ames. 
Specifically,  these  are  TA-1535,  TA-1537,  TA>1538,  TA-93,  and  T.\-100. 

The  assey  Is  based  on  the  property  o£  these  five  strains  for  reversion 
from  a histidine  requiring  state  to  prototrophy  due  to  exposure  to 
various  classes  of  mutagens,  the  histidine  deficient  varlent  strains 
are  used  to  detect  frame  shift  reverse  mutations  (TA-1537,  -1538,  and 
-98)  or  base  pair  substitutions  (TA-153S  and  >100).  These  tester 
strclns  were  developed  for  their  sensitivity  and  specificity  to  be 
reverted  back  to  the  wild  type  by  particular  mutagens. 

The  assay  has  been  adapted  for  use  in  detecting  compounds 
which  asy  be  potential  mutagens.  It  has  recently  been  documented  that 
must  compounds  that  act  as  carcinogens  in  masmats  also  act  as  mutagens 
in  bacterial  systems.  A significant  p<*reentage  of  known  carcinogenic 
eoogtounds  are  not  active  carcinogens  in  the  parent  form  but  require 
enaymatie  alteration  to  an  active  moiety.  Mammalian  microsomal  hydroxylase 
systems  are  responalble  for  this  activation.  Since  these  specific 
bacteria  do  not  ttave  the  matmnaUan  microsomal  enxyme  tystem,  mammalian 
liver  homogenates  are  added  to  the  system  to  activate  the  non -mutagenic 
parental  compounds  to  possible  mutagens. 
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The  activation  system  for  mutagenesis  screening  consisted  of 
Arochlor  1254  induced  microsomes  derived  from  rat  livers.  Induction 
was  accomplished  by  a single  intraperitoneal  injection  of  Arochlor 
(diluted  200  rag/ml  of  corn  oil)  into  individual  rats  5 days  before 
sacrifice  at  a dosage  of  0.5  mg/g  of  body  weight.  The  rats  were  deprived 
of  food  and  water  24  hours  before  sacrifice.  The  rats  were  then  stunned 
by  a blow  on  the  head  and  decapitated. 

The  livers  were  removed  aseptically  from  the  rats  and  placed 
into  a cold  preweighed  beaker  containing  10  ml  of  0.I5M  KCI.  The  livers 
were  swirled  in  this  beaker  and  then  removed  with  forceps  to  a second 
beaker  containing  3 ml  of  the  KCI  solution  per  gram  of  wet  liver  weight. 
The  livers  were  then  minced  with  sterile  scissors,  transferred  to  a 
chilled  glass  homogenising  tube  and  homogenized  by  passing  a low  speed 
motor  driven  pestle  through  the  livers  a :iuiKimum  of  three  times.  The 
homogenates  were  than  placed  in  cold  centrifuge  tubes  and  centrifuged 
for  10  minutes  at  9000  G at  4 c.  The  resulting  supernatant  was  decanted, 
aliquoted  in  3Httl  amouiits  to  small  culture  tubes,  quickly  frozen  in  dry 
ice,  and  stored  «>80  degrees  in  a kovco  freezer.  Sufficient  microsomes 
for  use  each  day  were  thawed  at  room  temperature  and  kept  on  ice  before 
and  during  us®. 

The  liver  microsomes  were  Incorporated  into  a mix  which  waa 
prepared  according  to  the  recotnaendations  of  Ames.  The  microsomal  mix 
contained  per  ml;  liver  wicrosome  preparation  (0.15  ml),  MgCl2 
(8  i|i  moles),  Kt‘l  <33  o moles),  glucose  b phosphate  C§  ^ moles),  K^P 
(4  u moles),  and  sodium  phosphate  pH  7.4  (IQO  ^ moles).  Stock  solutions 
of  NADP  (O.IM)  and  gUteose  4 phosphate  were  prepared  with  sterile  water, 
altquoted  in  appropriate  amounts,  and  maintained  In  a Heveo  freecar. 
the  stock  salt  solutions  were  prepared,  autoclaved,  and  refrigerated. 

The  S-9  mix  was  prepared  fresh  each  day  and  was  maintained  on  ice  before 
and  during  use . 

the  Salmonella  tvphimurltim  mutant  strains  were  obtained  from 
Dr.  B*  Ames.  Upon  receipt,  broth  stock  cultures  of  each  strain  were 
grown,  aliquoted  in  small  vials  and  stored  in  a kevco  freeaer.  At  the 
beginning  of  these  investigations  new  baeterial  cultures  were  t^tained 
from  this  stock  supply.  Subsequent  to  contlrmatioit  of  biochemical 
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activity  and  spontaneous  reversion  rates,  master  cultures  of  each  of  the 
strains  were  prepared  and  used  on  the  origin  of  weekly  preparations  of 
working  cultures.  All  broth  cultures  were  nutrient  broth  (Difco) 
supplemented  with  0.3  percent  NaCl.  Tlie  bacterial  cultures  to  be  used 
for  an  assay  were  prepared  by  inoculating  0.1  ml  of  each  tester  strain 
into  100  ml  of  nutrient  broth  and  incubating  the  culture  in  a water  bath 
shaker  for  16  to  20  hours. 

The  selective  basal  medium  for  histidine  requiring  strains 
used  in  mutagenesis  assays  was  a 1.5  percent  Bacto-Dlfco  agar  in  Vogel- 
Bonner  Medium  E with  2 percent  glucose. 

The  top  agar  (0.6  percent  Difco  agar,  0.5  percent  NaCl)  was 
prepared  in  10  ml  aliquotes,  autoclaved,  and  stored  at  room  temperature. 
Before  use  in  mutagenesis  assays  the  agar  was  melted  and  10  ml  of  a 
sterile  solution  of  O.S  mM  1-ltistidine-HCl  and  0.5  mM  biotin,  was  added 
to  the  molten  top  agar  and  mixed  thoroughly. 

A nuiaber  of  control  tests  were  conducted  to  ascertain  the 
efficiency  of  the  test  and  the  sterility  of  the  test  components.  Positive 
control  doae  response  assays  were  performed  With  each  of  the  tetter 
strains  with  the  appropriate  positive  control  chemical*  The  purpose  of 
the  positive  control  assay  was  to  check  the  performance  of  the  test. 
Components  both  with  snd  without  microsomal  activation  and  to  provide 
« standard  against  which  any  activity  of  the  test  water  sample  may  be 
compared. 

tomedUtely  upon  receipt,  the  water  samples  were  refrigerstad 
in  the  dark.  Bach  of  the  samples  was  filter  sterilised  before  being 
assayed  because  of  large  amounts  of  extraneous  sedimentary  material  in 
the  scnqilef  the  mutagenicity  determinatiohs  were  made  In  triplicate 
for  each  water  sample  evaluated,  the  assays  were  conducted  with  each 
of  the  five  tester  strains  both  with  and  without  the  presence  of  the 
sderosemsl  activation  system.  Sterility  control  checks  and  positive 
control  assays  were  included. 

the  assay  was  conducted  In  the  following  manner.  A 0.1  ml 
aliquot  of  the  broth  culture  of  the  tester  organism  was  added  to  2 ml 
of  molten  top  agar  which  Itad  been  supplemented  with  a trace  of  histidine 
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and  biotin.  In  the  nun-activation  tests,  50  fil  of  the  water  sample  was 
added  to  the  molten  top  agar  and  subsequently  poured  over  a minimal 
medium  agar  plate.  In  activation  mutagenesis  assays,  dose  response  curves 
were  prepared  for  each  tester  strain  in  the  presence  of  100,  50,  20,  10, 
and  5 p.1  of  test  water.  In  these  tests  0.4  ml  of  the  microsomal  mixture 
was  added  to  the  top  agar  after  the  tester  strain  and  the  selected 
concentration  of  the  water  sample  had  been  added  and  just  before  pouring. 

The  poured  top  agar  was  permitted  to  solidify  before  the 
plates  were  incubated.  Following  an  incubation  period  of  approximately 
72  houis,  the  number  of  colonies  growing  on  each  plate  was  counted. 

Bioassay  Test.  Onsite  aquatic  bioassays  were  conducted 
at  HAAP  In  a mobile  facility  housed  in  a 30-foot  aluminum  trailer. 

The  unit  was  insulated  and  had  air-conditioning  to  control  iftside  tempera- 
tures. Shelving  was  positioned  along  one  wall  of  the  trailer  to  provide 
maximum  bench  area  for  bioassay  test  vessels.  The  trailer  was  equipped 
with  two  lOO-gallon  fiberglass  holding  tanks  for  the  acclimation  of  test 
fish.  Additional  counter  space  was  avellable  for  sasHple  preparation  and 
aquipmant  storage^ 

Bioassay  teats  were  96i-hour  LC^q  static  acute  teats  of  appro- 
priata  waate  stream  influents  to. and  effluents  from  the  pilot  treatment 
plant.  Methodologies  utilised  adhered  to  the  extent  practicable  to  tboaa 
daicribad  and  recoonended  by  the  U.S.  Environmental  Protect ien  Agency  (1975) 
and  the  American  Society  of  Testing  Heteriels  (Draft  keport).  Fetbeed 
minnows  (Pimtaheles  PtoweUs)  weiv  purchased  from  Hel-Bro  hetcherlea  located 
in  Bloantvllle,  tenneesee  end  Anderson's  Minnow  Farm  in  Lonoak,  Arkansas. 

Test  concentrations  for  the  various  wastofMters  ware  determined 
baaed  on  results  obtained  from  24-ttour  range  finding  teats.  The  96’4iour 
teata  Ineiuded  five  wastewater  eoneentratione  and  one  control.  Exeaptiona 
wars  made  in  3A  and  bA  testa  when  sufficient  teat  water  was  »ot  available 
at  the  begltwing  of  the  test.  South  Fork  HoU ton  River  water  was  used  as  the 
dilution  media.  Sereening  tests  using  40  fathead  minnows  showed  no  mortaltty 
after  120  hours  in  HoU  ton  River  water.  tt)e  river  water  was  also  used  as  the 
eontrol  watai  for  each  test  set/  Each  test  was  run  in  dupUeate* 
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Test  concentrations  were  mixed  at  the  trailer  site  using 
volumetric  techniques.  Eighteen  liters  of  solution  were  used  in  each 
5-gallon  bottle.  Initially  aeration  was  avoided  in  the  test  chambers. 
However,  after  several  tests  in  which  the  dissolved  oxygen  (D.O.)  concen- 
tration dropped  below  the  predetermined  lower  limit  of  4.0  mg/1,  aeration 
was  begun  to  maintain  sufficient  D.O,  levels.  Tests  conducted  without 
aeration  utilized  five  (5)  minnows  in  each  chand>er.  When  it  was  decided 
to  use  artificial  aeration  in  the  form  of  aquarium  aerator  pumps,  ten  (10) 
minnows  were  used. 

Prior  to  all  tests,  test  organisms  had  been  acclimated  to  the 
dilution  water  and  trailer  tauperature  fluctuations  (19‘'C  - 23”C, 
generally)  for  4 or  more  days.  The  same  temperature  range  was  maintained 
in  the  S-gallon  chambers  during  the  actual  tests.  Acclintation  and  testing 
was  done  under  ortificial  lighting,  illuminated  8 hours  of  every  day. 

Fish  were  fed  commercial  aquarium  food  during  acclimation. 

Specimens  were  not  fed  for  48  hours  prior  to  utilisation  in  a bioassay 
test. 

Disease  problems  (fin  rot)  eneotmtered  in  the  holding  taidts  tiore 
treated  by  adding  conaereially  obtained  furac in  to  the  holding  tanka,  lha 
incidence  of  fin  rot  decreased  dramatically  after  Ute  initlatloo  of  the 
furacin  treatments. 

test  organisms  were  added  to  test  chambers  in  the  order  attab* 
llshed  by  a random  numbers  table.  Saeh  aeries  of  test  ehaabars  was  alto 
placed  in  random  order  prior  to  the  addition  of  the  fish,  tnltlal  tamp- 
aratura,  dissolved  oxygen  and  eotuluctivity  readings  were  taken  and  raeordad 
on  teat  data  sheets.  Mortality,  temperatwre  and  D.D.  were  recorded  at 
24-hour  Intervals  up  to  94-hours  or  witen  a mortality  threshold  ims  raached. 
Dead  tpeeimans  were  removed  when  observed.  Criteria  defining  death  was  ' 
eeatation  of  alt  Movement  and  tack  of  response  to  gentle  prodding. 

Probit  Analysis 

Probit  analysis,  well  suited  for  use  in  bloassay  studies  (S^l 
and  kohl £,1949),  was  used  to  fit  a line  to  the  percentage  of  mortat|fies 
accisiulated  by  the  last  day  of  each  ruii  in  respoitse  to  the  diflerant  effluent 
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concentrations.  'ITio  purpose  of  the  probit  analysis  was  also  to  derive  the  LC50 
value  for  each  effluent,  that  is,  the  concentration  of  the  effluent  \chich 
would  produce  exactly  50  percent  mortality.  A computer  program  (IBM,  1970) 
was  used  to  calculate  the  values  of  a and  b in  the  equation  Y » a + bX.  X 
represents  the  effluent  concentration  and  Y is  the  normal  deviate  of  the 
proportion  of  fish  dying  at  the  concentration,  with  the  value  of  5.0  added 
(to  eliminate  the  possibility  of  Y being  negative).  After  a and  b are 
calculated,  the  LC^q  value  can  be  easily  derived.  The  proportion  of  50 
percent  mortality  corresponds  to  a normal  deviate  of  0 and,  therefore,  a 
Y value  of  5,  so  LC^q  Is  simply  the  X for  which  a bX  > 5.  That  is, 

LC30  a (5<-a)/b.  A 95  percent  confidence  interval  was  also  computed  for 
each  LCj0  value  (Bliss,  1952). 

Sadi  problt  analyses  was  run  twice,  once  with  the  X values 
untrsnsformed  and  once  with  the  X values  rransfomed  by  logarithms.  The 
chi-square  "goiMlness-of-flt''  test  for  tlw  agreement  of  the  predicted  line 

with  the  acttial  data  showed  that  the  on trans ferried  data  resulted  in  a 
better  fit.  However,  in  some  analyses,  the  predicted  responseaf  differed 
significant ly  from  the  actual  responses  at  the  95  percent  level,  regard- 
less of  whether  or  not  the  coneentrat ions  were  log- transformed.  Such 
cases  srere  noted,  atr^  the  coefficients  of  the  equations  were  always 
reported  lor  the  lines  fitted  to  the  un transformed  concentrations* 

Separate  prohit  analyses  were  run  on  the  data  from  each  of  the 
replicate  runs.  In  addition,  problt  analyses  were  performed  on  the  diata 
obtained  by  pooling  each  pair  of  repHcates  In  order  to  smooth  out  irrag^ 
utar  variations  due  to  random  differences  between  the  repileates.  the 
pooling  was  done  by  svMMing  the  mortatltles  at  each  concentration  ^ 
the  two  replicates,  and  by  co«q>oting  the  proportion  of  deaths  using  twice 
the  number  of  fish  par  Unh. 

Tite  upper  and  lower  limits  of  the  95  percent  confidence  interval 
for  each  value  were  ealeulaled  after  using  a t itatistie  to  determine 
whether  or  not  the  slope  of  the  problt  equation  line  was  significantly 
different  from  sero*  if  the  slope  was  not  significant,  a true  95  percent 
confidence  intervat  could  not  be  calculated.  A special  note  was  made  of 
the  probit  analyses  which  produced  such  a resutt,  and  a substitute  *'con‘ 
fldence  interval*  was  detotmined  as  lot  tows:  tine  lower  limit  was  taken 
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to  be  tlio  highest  effluent  concentration  at  which  no  mortality  occurred, 
and  the  upper  limit  was  taken  to  be  the  lowest  effluent  concentration  in 
which  100  percent  mortality  occurreu. 

Also,  for  some  bioassay  tests  ail  the  responses  at  the  lower 
concentrations  were  zero  m=.rtality,  and  all  the  responses  at  the  next  higher 
concentrations  were  100  percent  mortality.  In  such  an  "all-or-nothing" 
situation,  no  actual  probit  analysis  could  be  performed,  so  there  was  no 
regression  line  from  which  an  LC^q  value  could  be  calculated.  In  these 
cases  the  LC^q  was  taken  to  be  the  average  of  the  two  consecutive  concen- 
trations between  which  there  was  a jump  from  zero  to  100  percent  mortality. 
These  two  concentrations  were  also  reported  as  the  lower  and  upper 
limits  of  a "substitute  confidence  interval",  reported  in  place  of  a 
95  percent  confidence  interval  for  the  LCjq  value, 

A number  of  probit  analyses  produced  95  percent  confidence 
intervals  for  which  the  limits  were  less  than  zero  or  greater  than  100. 

When  this  occurred,  the  actual  calculated  values  for  the  limits  were  not 
reported,  siiice  concentrations  outside  the  range  of  zero  to  100  percent 
are  not  meaningful. 

Munitions  Constituent  Comparisons 

ilattelle's  Columbus  Laboratories  and  HAAP  data  for  HMX,  RDX, 

TNT  and  COD  were  compared.  For  each  of  these  parameters,  a paired  Ttest 
using  a two-tailed  test  of  significance  was  performed  to  determine  whether 
the  data  from  the  two  laboratories  varied  in  a consistent  way.  The  HMX 
values  from  Battelle  proved  to  be  higher  than  whose  from  Holaton  by  an 
average  of  0.6  ppm,  which  had  a significance  level  of  99.5  percent.  No 
other  parameters  showed  significant  differences,  and  Battelle's  dataware 
used  in  subsequent  statistical  analyses  using  thosR  parameters. 

Correlation  Coefficient. ^ 

Pearson's  "r"  correlation  coefficients  end  their  associated  atg- 
nlflcance  levels  were  computed  on  all  possible  paired  combinations  of  muni- 
tions and  water  quality  paramo  tors  (excluding  TW  since  it  was  not 
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detected  fn  any  of  the  samples).  All  munitions  and  water  quality  param- 
eters except  pH  showed  a considerable  amount  of  positive  skewness,  so  all 
data  except  pH  were  transformed  by  taking  log^Q  (X+1)  before  computing  the 
correlation  coefficients.  This  transformation  succeeded  in  bringing  the 
skewness  coefficients  for  all  parameters  closer  to  zero.  This  step  was 
taken  to  prevent  the  occurrence  of  misleadingly  high  correlation  coeffi- 
cients which  can  result  from  a very  small  number  of  outlying  points. 

Pearson's  "r"  coefficients  were  also  computed  to  correlate  each 
munition  and  water  quality  parameter  with  the  1>C^q  values  resulting  from 
the  probit  analyses  which  were  performed  on  pooled  replicates  of  bloassay 
tests.  To  prepare  the  data  for  these  correlations,  the  value  from 
each  bioassay  was  matched  with  the  water  chemistry  analysis  on  the  effluent 
used  in  that  particular  bloassay.  (LC5Q  values  that  were  well  over 
100  percent  were  excluded  from  the  calculations.)  All  the  LC5q  values 
were  then  transformed  by  logarithms  in  the  same  manner  «s  were  the 
water  quality  parameters.  Again,  this  was  done  to  reduce  skewness 
since  the  actual,  calculated  LC50  values  ranged  over  two  orders  of 
magnitude. 


RESULTS  AND  DISCUSSION 
Teat  Water  Analysis 

Battelle's  Munitions  Constituent  and  COD  Analysis 

AM  of  the  water  samples  examined  In  this  study  contained 
less  than  6.0  ppm  of  all  the  munitions  selected  for  detecmlnation.  In 
fact,  TNT  never  occurred  above  the  detection  limit  of  0.05  ppm  In  any 
of  the  samples  examined.  Prom  the  limited  number  of  samples  examined, 
Area  A and  A4-B  wastes  appear  to  be  characterised  by  generally  higher 
levels  (~0.1  to  'oS.O  ppm)  of  KMX  and  ROX  as  compared  with  the  trested 
3A  and  6A  wastes.  The  treatment  wastes  generally  ranged  from  < 0.05  to 
0.7  ppm  with  the  notable  exceptions  of  HMX  concentrations  in  6A  samples 
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on  June  12  and  June  22,  and  in  3A  samples  on  June  15  and  June  23  (see  Table  4). 
Munitions  waste  concentrations  were  too  low  to  be  useful  in  any  estimate 
of  removal  efficiency. 

A sample  of  the  6A  effluent  (June  25)  was  spiked  in  the  field 
with  ~ 10  ppm  RDX  prior  to  the  bioassay  test.  Subsequent  HPLC  analysis 
of  samples  of  this  test  solution  and  one  taken  at  completion  of  the 
bioassay  gave  results  which  were  considerably  lower  than  10  ppm  (see  Table  4). 

The  inconsistency  between  the  spiked  RDX  concentration  and  that  determined 
by  HPLC  analysis  may  be  a result  of  the  known  thermal  and  photolytlc 
degradation  of  this  munition.  This  degradation  process  is  perhaps  evidenced 
by  the  increase  in  the  concentration  of  a suspected  degradation  product  in 
the  spiked  sample  as  observed  when  the  chromatogram  of  the  spiked  and  corres- 
ponding unspiked  samples  are  compared  in  Figures  2a  and  2b.  For  reference  purposes 
Figure  2c  presents  a chromatogram  of  Holston  River  water  as  a control  and 
Figure  2d  a chromatogram  of  a standard  mixture  of  the  known  munitions  to 
illustrate  each  compound's  retention  time.  The  occurrence  of  higher  HMX 
concentrations  in  the  samples  spiked  with  RDX  than  in  the  unspiked  samples 
was  observed  (see  Table  4)  and  may  be  a result  of  contamination  of  the 
RDX  added  to  the  spiked  sample  with  traces  of  HMX.  COD  values  varied 
over  a wide  range,  being  generally  an  order  of  magnitude  higher  in  the 
Area  B and  A+B  samples  than  the  ~10-100  ppm  range  observed  in  the  waste 
treatment  effluents  (3A  and  bA).  Values  of  several  thousand  ppm  were 
determined  in  some  Area  A waste  samples. 

The  authenticity  of  the  peaks  appearing  at  the  retention  time 
corresponding  to  that  of  known  munitions  may  be  verified  by  collecting  the 
LC  fraction  and  analysing  this  fraction  by  mass  spectrometry.  This  veri- 
fication was  done  for  the  IbtX  peaks  appearing  in  the  chromatograms  of  Area 
A waste  samples.  The  U!  fractions  corresponding  to  the  t&tX  peak  were  col- 
lected, extracted  with  ethyl  acetate,  and  analyzed  by  direct  probe  chemical 
ionization  mass  spectrometry  (Cl-MS)  using  isobutane  as  the  reagent  gas. 

The  results  of  this  analysts  were  compared  iHth  those  obtained  with  authentic 
samples  of  HMX  in  ethyl  acetate  and  were  found  to  bo  identical.  However, 
neither  sample  duplicated  the  fragmentation  patterns  obtained  under  similar 
conditions  with  pure,  solid  HMX,  and  reported  in  the  literature  (Yinon,  1974). 
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when  we  examined  crystalline  HMX  (which  had  not  been  dissolved  in  ethyl 
acetate)  the  mass  spectral  fragmentation  patterns  produced  were  in  agreement 
with  the  literature  data  (see  Figure  3).  Further  work  is  required  to  clarify 
these  results  (e.g.,  spectral  matching  using  electron  impact  mass  spectrom- 
etry combined  with  laboratory  studies  concerning  the  reootivity  of  HMX  under 
controlled  conditions).  In  any  case  it  appears  that  the  same  material  is 
present  in  both  the  HPLC  fraction  and  the  solution  oJ  known  HMX,  and  the 
accuracy  of  the  LC  identification  is  verified. 

Additional  varification  of  the  authenticity  of  the  HMX  and  RISC 
peaks  was  accomplished  during  an  examination  of  these  fractions  collected 
from  6A,  effluent  June  29,  1976  (see  Appendix  A).  A Cl -MS  analysis  of  the 
ethyl  acetate  extract  of  these  LC  fractions  was  performed  using  CH4-NH3 
as  the  reagent  gas.  In  this  examination  matching  spectral  patterns  were 
obtained  for  the  HMX  fraction  and  known  HMX,  and  for  the  RDX  fraction  and 
known  RDX.  In  addition,  these  patterns  matched  those  reported  by 
Yinon,  (1974),  although  obtained  under  somewhat  different  conditions.  The 
HMX  fraction  in  6A,  June  29,  corresponds  in  retention  time  to  the 
peak  identified  as  HMX  in  the  Area  A samples. 

During  the  initial  analysis  of  the  HAAP  samples,  conducted 
during  August,  1976,  several  materials  other  than  the  munitions  were 
consistently  observed  in  the  water  samples  submitted  for  analysis,  and 
the  levels  of  two  of  these  materials  appeared  to  coincide  with  the  levels 
of  intact  munitions  observed.  It  was  therefore  considered  Important  to 
characterise  these  materials. 

Tha  two  matarials  of  concern  are  Illustrated  in  the  chromatograms 
presentad  in  Appendix  A,  Figure  A-la,  by  the  peaks  with  retention  times 
of  2.8  and  4.6  min,  which  appear  very  close  to  the  peaks  corresponding 
to  HMX  and  RDX,  respectively.  Upon  examining  the  chromatograms  of  several 
water  samples  containing  varying  concentrations  of  HMX  and  RDX,  the  levels 
of  these  two  unidentified  constituents  appeared  to  rise  and  fall  trlth  the 
amount  of  HMX  and  RDX  as  illustrated  in  Figures  A-la  and  A-lb,  indicating 
a relationship  between  the  presence  of  the  intact  munition  and  these 
unknown  materials.  However,  in  October,  1976,  (some  3.S  months  later) 
the  same  water  sample  described  above  was  re-examined  by  HPLC,  and  a 
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FIGURE  3.  CHEMICAL  tONlEATtON  MASS  SFECTKA  (USING  ISOBUtANE  AS 
REAGENt  GAS)  OF  (3a>  iOtX  IN  LC  FRAaiON  OF  AREA  A, 
6/2/76,  (3b)  AUTHENTIC  HNK  REMOVED  FROM  ETHYL 
ACETATE  SOLUTiON,  AND  (30  CRYSTALLINE  HHE 
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different  chromatogram  was  obtained.  As  shown  in  comparing  Figures  A-la 
and  A-lc,  the  peak  at  4.6  min  was  no  longer  observed  and  the  relative 
intensities  of  several  of  the  remaining  peaks  had  changed  substantially. 
However,  no  new  peaks  were  observed  in  these  latest  chromatograms  and 
the  concentrations  of  HMX  and  RDX  remained  essentially  unchanged.  Several 
of  these  water  samples  were  examined,  all  giving  the  same  result.  Although 
the  water  samples  were  stored  at  » constant  4°C  in  amber  glass  bottles 
and  optimized  analytical  procedures  were  used  duplicating  those  employed 
in  the  previous  analysis,  identical  chromatograms  were  not  achieved 
after  a period  of  3.5  months.  A more  careful  examination  using  a modified 
HPLC  procedure  revealed  the  presence  of  a very  small  peak  which  eluted 
just  prior  to  ROX  and  which  appeared  to  be  the  remains  of  the  peak  occurring 
at  4.9  min  in  Figure  A>ia. 

Although  these  samples  had  obviously  undergone  some  significant 
change  with  time,  an  attempt  was  made  to  characterize  what  appeared  to 
remain  of  the  materials  of  interest.  The  6A  water  sample  from 
June  29 I 1976  was  chos^u  as  the  sample  for  examination  because  of 
its  initially  obser/od  high  levels  of  HMX»  RQX»  and  the  two  constituents 
with  retention  times  of  2»8  and  4.9  min  (see  Figure  A-lc).  A chromatogram 
of  the  ethyl  acetate  extract  of  this  sample  is  shown  in  Figure  A-le. 

The  A,  B,  C,  and  D fractions  which  were  collected  correspond  to  the 
aforementioned  materials,  respectively. 

Mass  spectral  (MS)  and  nuclear  magnetic  resonance  (MNR)  analysis 
of  these  fractions  were  conducted  and  the  results  are  shown  in  Figures  A-3 
and  A-4  in  the  Appendix.  Only  Free t ions  B,  C,  and  D contained  sufficient 
materiel  to  pensit  diese  analyses.  The  MS  analysis  of  Fractions  C and  D 
gave  identical  results,  Implying  that  Fraction  C overlapped  with  the 
highly  concentrated  ROX  Fraction  0 and  therefore  contained  primarily  ROK 
also.  However,  in  each  ease  anomalous  peaks  were  observed  in  the  range 
m/e  270  to  300  which  were  not  observed  %ilth  crystalline  RDX  (Figure  A-3e). 
These  peaks  may  be  due  to  some  contaminant  arising  from  the  isolation 
procedure.  However,  when  examined  by  NMR,  Fraction  C is  seen  to  contain 
primarily  a material  which  Is  not  RDX.  Both  crystalline  RDX  and  Fraction  C 
contain  a CCl^-soluble  species  which  gives  a spectrum  very  different  from 
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that  of  RDX.  This  material  may  be  some  structurally  unsytnmetrical 
Isomeric  form  of  ROX  present  as  a degradation  product  or  a by-product 
of  RDX  manufacture.  Such  a material  might  yield  an  identical  mass 
spectral  fragmentation  pattern  as  RDX,  but  the  NMR  spectrum  would  be 
substantially  different  from  the  singlet  observed  for  RDX  if  this  material 
does  not  possess  the  same  high  degree  of  symmetry  as  RDX.  Substantiating 
evidence  in  this  regard  might  be  obtained  by  similarly  examining  the  NMR 
spectrum  of  Fraction  D for  the  presence  of  these  multiplets.  However, 
because  there  is  some  question  as  to  the  integrity  of  these  water  samples, 
a rigorous  characterization  and  interpretation  of  these  collected  fractions 
does  not  seem  warranted.  The  primary  thermal  and  photolytic  decomposition 
products  of  HMX  and  RDX  are  H2O  and  CH2O  which  would  not  be  detected  by 
the  HPLC  method  employed  in  this  study.  Such  a decomposition  scheme 
might  explain  the  apparent  change  observed  in  these  water  samples  with 
time,  if  the  constituents  of  interest  are  but  a part  of  a series  of 
intermediates  in  the  KMX  and  RDX  degradation  process.  Hence,  the  materials 
collected  and  examined  in  the  present  study  may  not  be  the  same  as  those 
originally  observed  in  these  samples. 

Few  conclusions  can  be  drawn  at  this  time  as  to  the  nature  of 
these  constituents  of  the  HAAF  water  semple.  Fresh  samples  should 
be  collected  and  the  nature  and  levels  of  the  unidentified  constituents 
examined  as  a function  of  munitions  concentration  and  time.  By  combUilng 
.this  study  with  a controlled  study  of  the  thermal,  biological,  and  photo- 
lytic degradation  of  HMX  and  RI^  and  an  assessment  of  likely  by-products 
in  the  tsanufaeturing  process,  a more  eosq>lete  picture  of  the  environmental 
fate  of  these  munitions  and  their  manufacturing  waste  stream  may  be 
obtained* 

Bloassav  Effluent  Water  Quality 

} Water  quality  parameters  were  measured  on  effluent  test  water 

by  HAAP  chemists  in  the  plant  laboratory*  Table  5 presents  the  results 
of  these  analyses  and  the  BCL  munitions  constituent  and  COD  data*  Waste 


TABLE  5.  HAAP  BIOASSAY  TEST  WATER  QUALITY  AND  MUSITIONS  CONSTITUENTS 
WATER  QUALITY  PARAMETERS  (ppm) 
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waters  from  both  Area  A and  Area  B were  high  in  COD,  BOD,  NH3-H,  TKN, 

PO^,  nitrates,  nitrites,  and  solids.  The  Area  A wastewater  was  also  low 
in  pH  and  D.O.  with  values  being  approximately  3.5  and  0.0  respectively. 
Area  B effluent  water  had  pH  values  near  7.0  and  quite  low  D.O.  values. 

Values  for  HMX  and  RDX  in  the  wastewaters  were  consistently 
higher  in  the  Area  A wastes  than  in  the  Area  B.  Test  water  concentrations 
of  HMX  in  Area  A wastes  ranged  from  1.11  to  5.40  while  Area  B water 
had  lower  values  ranging  from  <0.1  to  1.85.  RDX  values,  while  more  similar 
in  concentration  between  the  two  area  effluents  than  were  HMX  levels, 
were  still  usually  higher  in  the  Area  A waste.  This  was  a reversal  of 
what  was  expected  as  Area  B was  the  explosive  manufacturing  area. 

Biologically  treated  A4-B  wastewater  (3A  and  BA  effluents)  had 
generally  lower  values  of  munitions  constituents,  COD,  BOD,  ammonia, 
nitrite,  phosphate,  and  TKN,  pH  values  in  effluents  3A  and  aa  ranged  . 
between  7.2  and  8.8.  Dissolved  oxygen  values  were  still  usually  quite 
low  in  both  treatment  plant  effluents.  Total  solids  levels  in  the  3A  and 
6A  effluents  vote  similar  to  the  combined  A-fB  wastewmter. 

Water  Qualttv  CorreUttons 

Table  6 displays  the  internal  correlation  coefficients  among 
munitions  and  water  quality  parameters.  (The  1.00's  along  the  diagonal 
of  the  matrix  are  displaye<'  for  visual  balance  in  the  table,  even  thoU|^ 
these  values  are  redundant  because  every  variable  has  a correlation  of 
1.00  with  itself.)  The  results  reveel  a subset  of  ten  variables  tdiielt 
are  all  strongly  correlated  with  one  another,  these  variables  are  tfiOC, 

COD,  BOD  (filtered),  BOD,  pH,  My  total  Kjeldahl  N,  PO4,  NOj.  and  toul 
solids.  These  variables  are  all  positively  correlated  with  each  other 
(except  ^).  On  the  other  hand,  |di  was  negatively  correlated  with  all 
other  variables,  since  high  values  of  pH  tended  to  be  associated  with  low 
values  of  all  the  other  variables,  snd  vice  versa. 

Suspended  solids,  settleable  solids,  and  D.O.  were  not  signifi- 
cantly correlated  with  any  other  variables.  This  may  have  resulted  from 


TABtE  6.  SICKIFICAKT  CORRElATIO»  COEFFICIENTS  AMONG  MUNITIONS 
AND  WATER  QUALITY  PARAMETERS  <*> 
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the  fact  that  im>rc  data  were  missing  for  each  of  these  three  variables  than 
for  any  other  parameters.  RDX  was  not  significantly  correlated  with  any 
other  parameter  except  total  solids. 

Bioassay  Tests 


LC5Q  Values 


Table  7 presents  the  results  of  probit  analyses  performed  on  the 
bioassay  test  data.  As  expected,  the  value  for  each  set  of  pooled 
replicates  is  numerically  close  to  the  average  of  the  two  LC^q  values  for 
the  separate  replicates. 

Since  low  LCjq  values  indicate  high  levels  of  toxicity.  Table  7 
shows  that  the  composited  effluent  from  Area  A is  the  most  toxic  of  the 
effluents  at  IIAAP.  All  the  runs  using  Area  A watc * resulted  in  LC$o  values 
on  “he  order  of  I percent  concentration,  with  a fairly  small  amount  of 
sample  variation.  The  affluent  from  Area  B was  considerably  lest  toxic 
but  its  LC50  values  showed  s vide  degree  of  sample  variation  ranging  from 
6.2  percent  to  43.8  percent.  (One  LC5Q  value  for  Area  B on  Juna  17  was 
calculated  to  he  79.4  percent;  this  was  much  higher  than  32  percent,  the 
highest  concentration  actually  tested,  so  it  cannot  be  considered  valid.) 

The  combined  Area  A and  Area  B (A>B)  wastewater  vaa  intermediate  in 
texiciiy  between  the  separate  Area  A and  Area  B,  with  IXjq  valuta  ranging 
from  I.A3  percent  to  14.0  pereent. 

Virtually  no  toxic  effects  were  observed  in  about  half  of  the 
bioassays  using  treatment  plant  effluents  3A  and  6A.  Toxicity  could  not 
be  quantified  in  the  form  of  an  valua  when  lest  than  hall  of  the 
fish  died  In  each  of  the  different  concentrations,  for  some  of  the  bioassays 
in  tAlch  this  occurred,  there  wss  a small  Increase  in  the  numbers  of 
deaths  ss  the  coneentrstien  increased,  but  In  many  eases  there  were  no 
deaths  even  at  the  100  percent  eoncentrstlon.  the  problt  analyses  performed 
on  such  data  yielded  LC50  values  greater  than  100  percent;  In  those  eases 
the  number  of  mortsUtUs  occurring  at  100  peretnt  were  reported  in  the 
table  retber  than  the  tjCj0  value. 
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TABLE  7.  RESULTS  OF  PROBiT  A 
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With  Ccw  exceptions,  the  degree  of  toxicity  of  the  effluents 
from  3A  and  6A  ranged  from  relatively  low  (with  high  LC^q  values  of 
70  percent  or  greater)  to  nonexistent  (with  no  deaths  at  the  100  percent 
concentration).  The  exceptions  included  one  replicate  using  effluent 
3A  having  a low  LC^q  of  36.7  percent  and  two  replicates  using  effluent 
6A  from  the  same  day,  having  hC^Q  values  of  41.5  percent  and  16.5  percent. 

Probit  Curves 

Figure  4 provides  a visual  summary  of  the  relationships  between 
fish  mortality  and  effluent  concentration.  The  individual  points  in  the 
graph  were  obtained  by  pooling  all  data  from  separate  tests  of  each  effluent. 
Specifically,  for  each  effluent,  the  percent  mortality  at  a given  concen- 
tration was  calculated  by  dividing  the  total  number  of  deaths  by  the  total 
number  of  fish  tested  at  that  concentration  (after  standardizing  the  number 
of  fish  per  tank  to  ten  so  that  each  test  would  receive  equal  weight). 

After  applying  this  pooling  procedure,  the  new  data  points  obtained  were 
used  in  probit  analyses  to  determine  the  five  probit  curves  corresponding 
to  the  five  different  effluents. 

The  high  toxicity  level  of  effluent  A Is  indicated  in  Figure  4 
by  its  probit  curve,  which  increases  sharply  to  100  percent  mortality  at 
2.3  percent  effluent  concentration.  Effluent  B waa  leaa  toxic i Its  problt 
curve  shows  a more  gradual  increase  to  the  100  percent  mortality  mark. 

The  mixture  of  A and  B effluents  (A-fB)  was  intermediate  in  toxicity 
between  the  individual  A and  B effluents i its  probit  curve  lies  between 
the  individual  A and  B efCluont  curves. 

The  relatively  low  toxicity  levels  of  effluents  3A  and  6A  are 
indicated  by  the  very  graduel  Increases  of  these  two  problt  curves,  which 
Figure  4 shows  to  be  almost  Identical.  (The  data  for  effluent  6A  was 
pooled  after  omitting  the  duplicete  runs  spiked  with  ROX.)  From  the  points 
at  which  the  curves  intersect  the  right  vertical  axis,  it  can  be  seen 
that  an  average  of  40  to  45  percent  mortality  resulted  from  100  percent 
concentration  of  either  pilot  plant  effluent. 


Percent  Cooceatratioo  of  Etflueat 
FlCUaE  4.  FISH  MORtALITY  VS.  EFFLUENT  CONCENTRATION  OF  THE 
FIVE  WASTEWATERS  TESTED  AT  HAAP 
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The  points  on  the  loLt  vertical  axis  represent  the  test  results 
from  the  zero  concentrations,  or  controls.  From  the  individual  data  points 
(actual  mortalities)  as  well  as  the  intersection  points  between  the 
probit  curves  and  the  left  vertical  axis  (predicted  mortalities),  it 
appears  that  the  natural  mortality  was  about  10  percent  in  the  controls. 

Correlations  Be tween  LC5Q  Values 
and  Water  Quality  Data 

Table  8 displays  the  correlation  coefficients  between  LC^q  values 
from  the  bioassay  tests  and  the  water  chemistry  data.  A majority  of  the 
water  quality  parameters,  notably  UMX,  showed  significant  negative 
correlations  with  the  LC^q  values.  Since  a negative  correlation  means 
the  same  thing  as  an  inverse  relationship,  this  shows  that  high  concentrations 
of  KMK  are  associated  with  low  values  and  vice  versa.  The  pH  levels, 
on  the  other  hand,  were  positively  correlated  with  the  LC^q  values, 
indicating  the  tow  pH  levels  are  also  associated  with  low  LC3Q  values. 

Low  1X50  values  themselves  represent  increased  mortality  rates 
due  to  increased  toxicity.  Therefore,  Table  8 shows  that  toxic  effects 
are  associated  with  high  levels  of  UMS,  COD,  BOD,  and  so  on.  A similar 
inference  could  not  be  derived  for  HDK  because  the  values  were  not 
significantly  correlated  with  RDX  levels. 

The  tX^Q  values  were  not  significantly  correlated  with  suspended 
solids,  settleable  solids,  or  D.O.,  but  this  may  be  due  to  the  large 
numbers  of  missing  data  points  for  these  three  variables. 

Mutsttenic  Screening 

The  Ames  bacterial  mutagehusis  assay  is  extremely  simple  yet 
highly  efficient  in  detecting  mutagenic  compounds.  It  has  been  shown  to 
facilitate  detection  of  nanogram  quantities  of  some  pure  compounds.  To 
be  used  as  a routine  screening  procedure  for  environmental  speclaiensi 
its  efficacy  is  predicated  on  the  basis  that  a mutagen  is  either  present 
in  extremely  high  concentration  or  the  eompotind  must  have  extremely  high 
mutagenic  capabilities. 
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TABLE  8. 


SIGNIFICANT  CORRELATION  COEFFICIENTS  OF 
MUNITIONS  AND  WATER  QUALITY  PARAMETERS 
WITH  LC  Q VALUES  FROM  BIOASSAYS 


Parameter 

Correlation  of  Parameters 
with  LCjq  Values 

IIMX 

-.73 

RDX 

COD 

-.93 

BOD- filtered 

-.71 

bOD 

-.86 

pll 

■*-.79 

NH3 

-.81 

Total  Kjelviahl  N. 

-.80 

D.O. 

..  -- 

PO4 

-.78 

NO3 

— -- 

NO2 

-.78 

Suspended  solids 

m m 

Settoablo  solids 

*•  ««» 

Total  solids 

-.75 

(«)  All  correlation  coeff tcionte  given  are  signi 
ficant  at  the  99  percent  level  or  greater. 
Uaahea  are  given  in  piece  ol  correlationa  not 
aignii leant  at  the  95  percent  level. 
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The  mechanism  by  which  the  mutagen  is  detected  is  by  the  reverse 
mutation  of  tlie  cell  to  protot  rojdi  on  Uie  wild  form.  This,  wild  form  is 
no  longer  histidine  depondont.  However,  each  of  the  st-ains  used  in 
these  investigations  has  a constant  rate  of  spontaneous  reversion.  Since 
the  tester  strains  spontaneously  revert,  test  materials  which  are  only 
very  slightly  mutagenic  must  have  a reversion  rate  suff.ic.iently  greater 
than  the  spontaneous  rate  in  order  to  be  detected. 

The  results  of  the  mutagenic  bioassay  analysis  of  the  wastewater 
samples  are  shown  in  Table  9.  The  data  presented  in  this  table  is  the 
relative  mutagenicity  of  the  sample  analyzed.  It' is  felt  that  the  relative 
mutagenicity  far  more  easily  facilitates  detection  of  mutagens  than 
tables  of  numbers  of  revertants  per  plate.  According  to  this  Index,  a 
value  of  1.0  translates  into  no  mutagenic  act!  Ity.  'i'he  numbers  of 
mutants  on  this  plate  is  equal  in  number  to  the  number  of  spontaneous 
revertants  of  the  tester  strain  when  not  exposed  to  a mutagenic  environment. 
Thus  the  greater  the  value  of  the  number  bevond  I,  the  greater  the 
possibility  of  mutagenic  activity,  index  valnoi^  of  2.0  to  3.0  and  perhaps 
slightly  higher  arc  best  accountable  to  c’tance  variation  and  human  error, 
although  weak  mutagenic  activity  cannot  bo  overlooked.  Values  approaching 
10.0  and  higher  are  more  clearly  indi<  titive  of  activity.  It  is  not 
possible  to  establish  exact  confidence  limits  from  data  of  this  type. 
Additional  testing  must  be  done  before  rigorou.s  data  evaluations  can  be 
made . 

Inspection  of  the  relative  .mit‘*gcnie  activity  of  the  water 
samples  shows  that  no  definite  mutagens  were  detected.  One  of  the  tester 
strains  indicated  a slight  suggestion  wf  the  presence  of  a possible 
mutagen  in  Sample  6 (6A  efilueht  eollveted  on  June  22,  1976).  Howeveri 
the  degree  to  which  the  response  IndU.tted  the  possible  presence  of  the 
mutagen  was  marginal  and  wrs  attrlhuied  to  experimental  variability. 

The  positive  :outrol  data  is  presented  in  Table  10.  the  data 
presented  shows  that  the  wester  strains  wore  capable  of  detecting  the 
presence  of  xubstances  wl<lch  were  mutagens  in  their  own  right  as  well 
as  those  substances  which  required  microsomal  activation  for  mutagenesis. 
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TABLE  9.  Rl;:J\Ti.VE  MUTAGENIC  ACTIVITIES  OF  WATER  SAMPLES  IN  SALMONELLA 
STRAINS  TESTED  UNDER  NON -ACTIVATION  AND  ACTIVATION  CONDITIONS. 


S Jimp  It? 


1 


2 


3 


4 


Ki'ii  • 

''.'I* 

i oil 

Activntion 

pt  of 

iVij' 

■■  I'o  i 

1 

‘.'S 

'uiTi 

1535  ” 

15,>7 

1538 

98 

100 

If 

1.00 

i.oa 

I.oo 

» . 00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

5 

O.RO 

0.62 

0.50 

0.86 

0.72 

10 

0.V7 

0.38 

0.60 

1.06 

O.Oii 

20 

0.44 

0.62 

0.60 

0.95 

0.88 

50 

o.r>6 

1.50 

1.P7 

1.17 

1.55 

0.66 

0.92 

0.60 

1.24 

1.22 

100 

0.55 

0.52 

0.45 

0.77 

1.27 

5 

0.55 

0.76 

1.15 

0.84 

0.6S 

10 

O.Gl 

0.76 

1.25 

0.80 

0.57 

20 

0.72, 

0.38 

1.45 

0.95 

0.84 

50 

0.94 

O.BO 

0.53 

0.79 

1.12 

1.05 

0.77 

0.90 

0.73 

P.82 

100 

0.61 

0.20 

1.05 

0.9? 

0.67 

5 

0.03 

0.53 

1.00 

0.73 

0.79 

10 

0.61 

l.OO 

1.30 

0.82 

0.79 

20 

0.T2 

0.53 

0.80 

0.86 

o.r.8 

50 

0.72 

1.00 

0.84 

0.05 

1.36 

1.05 

0.53 

0.80 

0.7i 

0.74 

100 

1.16 

0.61 

0.95 

0.77 

0.85 

5 

1.00 

1.07 

1.00 

0.75 

0.81 

to 

0.66 

0.38 

1.50 

0.48 

0.70 

20 

0.55 

0.38 

0.85 

0.80 

0.7  V 

50 

0.9U 

1.25 

1.2 « 

0.06 

0.94 

1.11 

O.Ol 

0.55 

1.17 

0.79 

100 

0.72 

0.38 

1.25 

0.55 

0,84 

5 

0.83 

0.76 

1.05 

0.82 

1.20 

lU 

1.61 

0.76 

0.75 

0.93 

1.22 

20 

1.11 

0.92 

0.60 

0.86 

l.?9 

SO 

O.BB 

2.25 

M't 

:.68 

1.62 

0.55 

0.76 

0.85 

0.75 

1.40 

too 

1.22 

0.61 

0.95 

0.71 

1.37 

V) 


TABLE  9.  (C.Dnttnued) 


pi  of 
Sample 

Non -Activation 

Activation 

Sample 

Numbeif*) 

1535  1537  1536  98  100 

1.00  1.00  l.OO  1.00  1.00 

1535  1537  1538  98 

1.00  1.00  1.00  1.00 

100 

1.00 

6 

5 

0,76 

1.33 

1.8S 

1.03 

0.78 

10 

0.58 

1.67 

1.53 

0.89 

1.02 

SO 

0.69  0.44  1.13  1.15  0.70  0.53 

0.83 

1.77 

1.13 

1.00 

100 

0.47 

1.50 

2.07 

1.03 

1.02 

7 

5 

0.82 

1.33 

1.15 

1.07 

1.38 

10 

0.52 

0.83 

1.23 

0.62 

0.77 

50  0.77  0.33  1.00  1.00  0.67 

0.41 

0.50 

0.76 

1.09 

0.96 

100 

0.71 

1.50 

0.92 

0.93 

1.05 

(•)  Sample  I - Area  A - June  2,  1976 

Sample  2 « Area  B - Juno  2,  1976 

Samplu  ? - Area  A Area  B - June  2»  1976 
Sample  6 • Effluent  3A  ■ June  3,  19^ 

Sample  3 • Effluent  6A  • Juno  3,  1976 

Sample  6 • EflTuetU  6A  • Juno  22  • 1976 
Sample  7 - Effluent  6A  (Spiked)  - June  25 » 1976 


40 


TABLE  10.  MUTAGENIC  ACTIVITY  OF  POSITIVE  CONTROL  COMPOUNDS  IN  SALMONELLA  TESTER 
STRAINS  TESTED  IN  ACTIVATION  AND  NON-ACTIVATION  CONDITIONS 


Non -Activation 


Activation 


TA  1535 


TA  1537 


TA  1538 


lOI 


Sodium  Azide  (Imglml)  2 Amlnoauthracine  (Imglml) 


100  ul 

1836 

100  Hi 

24 

50  lAl 

1455 

50  Hi 

49 

20  Hi 

1469 

20  Hi 

357 

10  Hi 

1326 

10  Hi 

614 

5 hI 

1133 

5 Hi 

370 

1 Hi 

560 

1 Hi 

83 

0 Hi 

18 

0 HI 

18 

Quinacrinc  HCl  (2mglml) 

2 Aminoanthracine  (Imglml) 

100  Hi 

468 

100  HI 

111 

SO  Hi 

32 

50  HI 

114 

20  Hi 

9 

20  HI 

706 

10  Hi 

12 

10  Hi 

604 

5 Hi 

5 

5 HI 

182 

1 Hi 

3 

1 HI 

42 

0 Hi 

4 

0 HI 

13 

2 Nitrofluorlne  (Imglml) 

2 Aminoanthraclna  (Imglml) 

100  Hi 

2138 

100  HI 

1072 

SO  Hi 

1924 

50  Hi 

1637 

20  Hi 

2816 

20  HI 

2470 

10  Hi 

1054 

10  HI 

2378 

5 Hi 

624 

SHI 

2004 

1 Hi 

424 

1 HI 

435 

0 »*1 

13 

OHl 

20 

2 HltroCluorlae  (Imglml) 

2 Aminoanthraclna  (Imglml) 

100  Hi 

1494 

100  Hi 

1983 

SO  Hi 

1837 

50  Hi 

2810 

20  Hi 

2397 

20  Hi 

3794 

10  HI 

909 

10  Hi 

2291 

S HI 

749 

5 HI 

1557 

1 

335 

1 HI 

661 

01^1 

29 

0 HI 

45 

2 Nltrofluorina  (Imglml) 

2 Aminoanthraclna  (Imglml) 

100  Hi 

1S96 

100  ul 

2834 

SO  Hi 

ISOS 

so  ul 

2820 

20  Hi 

1450 

20  Hi 

2864 

10  HI 

USA 

10  HI 

2694 

S Hi 

904 

5 HI 

953 

1 HI 

214 

1 HI 

394 

OHl 

110 

0 HI 

170 

The  negative  control  data  on  sterility  confirmations  are  not  shown.  No 
bacterial  contamination  was  found  in  the  filtered  water  samples  assayed. 
Likewise,  the  microsomal  activation  mix  was  free  of  contaminating  organisms, 


SUMMARY  AND  CONCLUSIONS 


The  analyses  of  the  five  Influent  and  effluent  waters  of  the  HAAP  pilot 
treatment  plant  showed  the  concentrations  of  all  munitions  determined 
to  be  less  than  6.0  ppm.  Treatment  wastewater  munitions  concentrations 
ranged  generally  between  <0.05  to  0.7  ppm.  (Notable  exceptions  %rere 
HMX  levels  In  the  6A  effluent  of  2.1  ppm  and  In  the  3A  effluent  of 
2,07  ppm.) 

Untreated  wastewaters  were  characterised  by  high  levels  of 
COD,  bOD  (filtered  and  unflltered)  NH^>H,  TKN,  PO4,  nitrate,  nitrite, 
and  solids  and  low  dissolved  oxygen  concentrations.  Area  A wastewater 
had  a low  pH;  Area  B wastewater  was  near  7,0  In  pH.  Treated  wastewaters 
were  generally  lower  in  all  par«neters  except  pH  which  ranged  between 
7.2  and  8.8.  Dissolved  oxygen  levels  rtmalned  low. 

The  correlations  presented  in  Table  6 established  a group  of 
onmltlons  constltaents  and  waior  quality  parameters  idilch  varied  together: 
HMX,  chcmlcel  end  biological  oxygen  demand,  varioua  forms  of  nitrogen 
(NH3,  total  Kjeldahl  nitrogen,  and  N02>,  phosphatas  and  total  solids. 

The  raw  date  in  Table  S roflects  thla  clearly:  high  values  of  i<tl  these 
peremeters  were  found  in  the  Area  A effluant  tamplet,  low  valuaa  wart 
found  in  tha  3A  and  6A  treatment  semplea,  and  Intermadiate  values  were 
found  in  the  Area  8 and  the  coediined  areas  A and  B effluent  eamplet. 

Table  8 ahows  that  high  toxicity  levela  are  strongly  associated  with 
these  same  munltione  end  water  quality  variables. 

The  3A  and  6A  treatment  effluents  appeared  to  he  almoat  identical 
both  in  tecma  of  their  chemical  anatysea  and  their  bloaaaay  teat  retponses. 
tha  ealculatad  1050*1  for  treated  water's  3A  and  6A  were  both  greater  than 
100  percant;  the  expected  mortalities  at  the  100  percent  cmcentration 
of  each  effluent  were  40  percent  end  43  percent,  respectively. 

It  is  notable  that  RDX  was  not  significantly  correlated  with 
any  water  quality  paraaie tors  (except  total  solids)  nor  with  toxicity  levals* 
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The  most  consistently  high  toxicity  levels  resulted  from  the  Area  A 
effluent,  which  had  RDX  concentrations  ranging  from  .43  to  1.90  pom;  yet 
a substantially  lower  toxicity  level  resulted  from  the  6A  effluent  spiked 
with  RDX,  which  had  a higher  RDX  concentration  of  5.17  ppm.  Also,  the 
LCjq  values  resulting  from  the  6A  effluent  tests  spiked  with  RKC  were 
about  the  same  as,  or  even  lower  than,  those  resulting  from  some  of  the 
unspiked  6A  effluent  tests  (none  of  which  contained  detectable  concentrations 
of  RDX).  These  findings  indicate  that  RDX  levels  were  not  high  enough 
in  any  of  the  effluent  samples  to  cause  clearcut  increases  in  fish  mortality. 
A possible  synergistic  effect  from  the  presence  of  several  compounds  may 
have  occurred  in  the  wastewater. 

The  multiple  internal  correlations  among  the  munitions  constituents 
and  water  quality  parameters  make  it  difficult  to  determine  exactly 
which  factors  were  responsible  for  the  extreme  toxicity  of  the  Area  A 
effluent.  Fish  mortalities  may  have  been  caused  by  the  high  levels  of 
each  of  several  parameters  (for  example  NK^  concentrations  were  reported 
within  ranges  shown  to  be  toxic  to  fish  (Becker  and  Thatcher*  1973])  or 
by  the  interaction  effects  resulting  from  the  combination  of  them. 

Also,  the  pH  may  have  been  low  enough  to  increase  the  effects  these 
factors.  The  pU  of  the  undiluted  Area  A effluent  samples  was  about  3.5. 

Assuming  that  the  Holston  River  water  had  a pH  of  7,  these  values  can  be 
converted  to  percent  hydrogen  ion  concentrations  and  combined  in  a weighted 
average  to  give  an  estimate  of  the  pH  of  the  solutions  used  in  the  bio> 
assay  tests.  For  instance,  the  pH  of  the  1 percent  solution  of  Area  A 
effluent  would  have  been  about  5.5,  according  to  these  calculations.) 

In  genersl,  significant  Pearson's  correlations  among  variables 
indicate  a strong  degree  of  association  but  cannot  in  themselves  be  used 
to  establish  cause -and -effect  relationships.  Therefore,  another  statiscleal 
technique  was  used  in  an  effort  to  determine  whether  the  presence  of  the 
munitions  compounds  had  an  effect  on  toxicity  levels  separate  from  the 
effects  of  ocher  potentially  causative  factors.  Partial  correlation 
coefficients  were  calculated  between  the  values  and  the  aairvLci«»':<. 
compounds  by  controlling  each  of  these  ocher  factors.  A partial  vr;>vrslattott 
coefficient  is  similar  to  an  ordinary  Pearaon's  r correlation,  that 

it  controls,  or  hold|s  constant,  a third  variable,  this  method  of 
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correlation  is  appropriate  when  it  is  believed  that  the  third  variable 
is  somehow  interfering  with  the  Pearson's  correlation  between  the  first 
two  variables,  by  either  creating  a "spurious"  correlation  where  none 
actually  exists,  or  by  masking  a true  relationship  which  does  exist. 

Table  11  presents  partial  correlation  coefficients  of  LC^q 
values  with  HMX  and  RDX,  computed  by  controlling  each  of  four  variables 
separately:  COD,  BOO,  NH^,  and  total  Kjeldahl  nitrogen.  (LC^q 

values  over  100  percent  were  omitted  from  the  calculations.)  All  the 
partial  correlations  between  HHX  and  LC5Q  were  significant  indicating 
that  HMX  does  have  an  influence  upon  toxicity  levels  separate  from  the 
effects  of  COD,  BOD,  and  so  on.  RDX  and  the  LC^q  values  were  not 
significantly  correlated  when  the  controlled  variable  was  either  COD 
or  BOD;  significant  correlation  occurred  when  either  NH^  or  TKN  was 
controlled,  tills  latter  correlation  indicates  that  RDX  may  have  been 
found  to  be  significantly  related  to  toxicity  levels  If  the  various  forms 
of  nitrogen  had  been  at  a fixed  level  throughout  all  the  effluent  samples. 


TABLE  ll.  PARTIAL  CORKBUTXONS  BETWEEN  MUNITIONS  CONCENTRATIONS 
AND  LC50  VALUES  (•) 


Controlled 

Variable 

Partial  Correlation 
Be^en  HMX 
and  LC50 

Partial  Correlation 
Between  RDX 
and  LC5Q 

COO 

•*.51 

' 

BOO 

•».bl 

NM3 

«».b7 

-.58 

Total  Rleldabl>N 

-.69 

-.56 

(a)  Correlation  coefficients  given  are  aignificant  at  the 
99  percent  level  or  greater.  Dashes  are  given  in  place 
of  correlations  not  significant  at  tha  9S  percent  level. 
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